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ABSTRACT 20 
Urothelial bladder cancer is a common cancer associated with considerable burden for both patients 21 
and healthcare providers alike. The majority of patients present with non-muscle-invasive bladder 22 
cancer (NMIBC) which, although not immediately life-threatening, requires appropriate initial 23 
management and long-term surveillance which is both invasive and costly. Accurate diagnostic 24 
urinary biomarkers could be transformational in this setting, yet have proved to be a significant 25 
challenge to bladder cancer scientists over the last two decades. Such biomarkers would need to 26 
represent a range of tumour grades and stages, encompass inter- and intra-tumour heterogeneity, 27 
and compete with the current diagnostic gold standard of cystoscopy with a sensitivity and 28 
specificity of 85% and 87%, respectively. For the field to move forward in this current exciting era of 29 
high-throughput proteomics and genomics, bladder cancer scientists need to find a consensus on 30 
the optimal urinary substrate (DNA, RNA, protein, etc) and deliver robust well-designed studies in 31 
the correct populations with appropriate statistical input. Issues relating to tumour heterogeneity 32 
and anticipatory diagnosis also require considerable thought. The challenge remains unchanged.  33 
FOCAL POINTS 34 
 Accurate urinary biomarkers for the diagnosis of urothelial bladder cancer could be 35 
transformational for patients and healthcare providers alike. 36 
 To date, despite several FDA approvals, no such markers are routinely used in the clinical 37 
setting. 38 
 Poor study design and non-representative study populations are major contributory factors 39 
and recent systematic reviews have highlighted such weaknesses. 40 
 Low grade and low stage tumours are common, yet the most difficult to diagnose non-41 
invasively; however, they should be incorporated into study populations in proportions 42 
representative of the incident and/or recurrent disease patient setting to avoid bias.  43 
 Promising urinary biomarker substrates include proteins and nucleic acids, with inherent 44 
strengths and weaknesses. 45 
 Enduring challenges remain inter- and intra-tumour heterogeneity, and anticipatory 46 
diagnosis. 47 
 48 
  49 
COMMENTARY 50 
Urothelial bladder cancer (UBC) is the seventh commonest cancer in Western societies [1], resulting 51 
in 69,000 and 180,000 new cases per year in the USA and EU, respectively. The vast majority of new 52 
cases are diagnosed following single or repeated episodes of haematuria (blood in the urine) which 53 
is investigated by cystoscopy (inserting a “telescope” via the urethra into the bladder) and around 54 
10% of patients investigated for haematuria will be diagnosed with UBC [2]. Following initial 55 
treatment by transurethral resection of bladder tumour, 75-85% of these patients will be diagnosed 56 
with non-muscle-invasive tumours (NMIBC, stages pTa/pT1/pTis), and the remainder muscle-57 
invasive tumours (MIBC, stages pT2-4) [3]. Thereafter, treatment strategies differ markedly: patients 58 
with MIBC are likely to undergo more radical therapy with combinations of chemotherapy and 59 
radiotherapy or cystectomy (removal of the bladder) [4], whereas those with NMIBC will be treated 60 
with intravesical therapy (therapies delivered into the bladder) followed by cystoscopic surveillance 61 
(regular inspection of the bladder) [5]. Schedules of cystoscopic surveillance (and the nature of 62 
intravesical therapy) are determined by the risk category of NMIBC (low-, intermediate- or high-risk) 63 
[5]. With disease recurrence a lifetime risk across all NMIBC categories (up to 80% [6]), and 64 
progression to MIBC an important consideration for high-risk NMIBC patients (up to 45% [6;7]), 65 
cystoscopic surveillance represents the mainstay of longer term management for all NMIBC patients. 66 
Urine cytology is often used as an adjunct to cystoscopy: the microscopic detection of cancer cells in 67 
the urine is a very specific indicator of UBC but has poor sensitivity for low-grade UBC, resulting in 68 
low overall sensitivity [8]. 69 
Cystoscopy is invasive and burdensome for patients and expensive for healthcare providers [9;10], 70 
such that from diagnosis to death on a per patient basis UBC is one of the most expensive 71 
malignancies to manage [11]. Therefore, non-invasive or urinary biomarkers for the accurate and 72 
reliable detection of urothelial bladder cancer (UBC) have the potential to be transformational for 73 
both UBC patients and healthcare providers by reducing reliance on cystoscopy for diagnosis and 74 
surveillance. Furthermore, this setting is fertile yet challenging ground for translational medicine. 75 
Since UBCs are in direct contact with urine, urine is considered to be a promising biospecimen for 76 
developing non-invasive tests to detect and characterise bladder tumours. However, UBCs are highly 77 
heterogeneous with high mutational burden and variable copy number aberrations and gene 78 
expression profiles [12;13]; thus, different tumours may release different biomarkers (necessitating 79 
multimarker tests), and early-stage and low-grade tumours may only release very small amounts of 80 
such markers, potentially impairing test sensitivity [14]. Markers must also be highly tumour-specific 81 
so that haematuria itself and other non-malignant conditions do not generate false positives [14;15].  82 
In the search for better urinary biomarkers genomic, proteomic and metabolomic approaches have 83 
all yielded promising results [14;16-19]. Despite such work over several decades [20], a 2015 84 
WHO/ICUD consensus stated that [8]: 85 
 Despite considerable advances in recent years, the authors feel that at this stage the added value 86 
of molecular markers for the diagnosis of urothelial tumors has not yet been identified. 87 
 Current data suggest that some of these markers may have the potential to play a role in 88 
screening and surveillance of bladder cancer. 89 
 Well-designed protocols and prospective, controlled trials will be needed to provide the basis to 90 
determine whether integration of molecular markers into clinical decision-making will be of value 91 
in the future. 92 
We recently undertook a systematic review of diagnostic and prognostic urinary protein biomarkers 93 
and formed similar conclusions [20], principally that: 94 
 The majority of urine biomarker studies contain bias or are insufficiently reported. 95 
 The urinary concentrations of a large number of proteins are increased by the presence of 96 
bladder cancer, but most proteins are not increased in all cases and are not specific to bladder 97 
cancer. 98 
 NMP22, BTA, UBC and Cyfra 21-1 are the only well-validated urinary protein biomarkers and 99 
their sensitivities and specificities are well below those of cystoscopy. 100 
We considered our approach to this systematic review to be stringent yet pragmatic [20], such that 101 
it would provide a useful resource for workers in the field. We applied a number of criteria to define 102 
whether individual studies provided “equivocal” or “unequivocal data” regarding a particular 103 
biomarker(s) [20]. Unequivocal data were generated by studies which comprised of ≥20 cancer 104 
patients and ≥20 controls; sensitivity and specificity had to be reported. Importantly, we also 105 
required unequivocal studies to comprise ≥25% stage pTa tumours (generally, smaller tumours and 106 
more difficult to detect non-invasively, and whose incidence is c.50% [3;21]) and ≥15% grade 1 107 
tumours (the least cellularly and molecularly abnormal tumours [13] so also difficult to detect, and 108 
whose incidence is c.25% [21]). These parameters ensured that the selected unequivocal studies had 109 
to possess an element of statistical relevance, and also be representative of a normal UBC patient 110 
population. Furthermore, if unequivocal data were generated from ≥3 studies, then we considered 111 
the biomarker data to be validated.   112 
We also classified the identified proteins as either “possible” or “unlikely” biomarkers dependent 113 
upon whether the combined sensitivity and specificity was ≥80% or <80%, respectively. White light 114 
cystoscopy is currently the gold standard detection method for UBC, the reported sensitivity and 115 
specificity of which vary greatly but a 2012 meta-analysis arrived at values of 85 and 87%, 116 
respectively [22]; any urinary biomarker would need to match or improve upon cystoscopy to be 117 
acceptable to patients and urologists. Hence, we were permissive in our definition of a possible 118 
biomarker. Yet, as described, very few studies could be considered as unequivocal, although these 119 
studies did report several possible biomarkers: fibronectin, clusterin, CEACAM1, apolipoprotein A4, 120 
calprotectin, CD147, coronin-1A, DJ-1, reg-1, stathmin-1, and γ-synuclein [20].   121 
We specifically limited our review to soluble urinary proteins as historically this has been the main 122 
focus of UBC urinary biomarker research. Additionally, with the technology currently available, they 123 
are the easiest class of biomolecule to use for point-of-care testing or to combine in an economical 124 
single multiplex assay for the detection of UBC (should a suitable biomarker panel be determined).  125 
We also envisage that measuring volatile metabolites [23], or advances in DNA sequencing may 126 
allow point-of-care testing in the not too distant future. In fact, recent publications make a strong 127 
case for DNA-based biomarkers being the frontrunners in the race to reduce reliance on cystoscopy 128 
[24-28]. Although the amount of DNA that can be extracted from urine is low and variable, PCR and 129 
advanced analysis techniques such as next generation sequencing allow identification of tiny 130 
amounts of tumour DNA in the majority of urine samples, even in the presence of an excess of non-131 
tumour DNA [27]. Genome wide copy number changes in urinary DNA, microsatellite analysis, 132 
methylation and mutations have all been used for the purpose [24-28]. Studies of urinary DNA have 133 
focussed almost exclusively on DNA extracted from the urinary cell-pellets obtained by centrifuging 134 
urine; however, we and others have found that cell-free DNA (cfDNA) in the urine supernatant 135 
contains a higher fraction of tumour DNA than cell pellet DNA, and we are optimistic that urinary 136 
cfDNA could underlie a clinically useful test for UBC detection [24;29]. As with protein biomarkers, 137 
the performance of DNA biomarkers requires thorough evaluation prior to clinical uptake, 138 
particularly in the disease surveillance setting.       139 
Whatever the biomarker substrate (proteins, nucleic acids, etc) or source (urine supernatant, cell 140 
pellet, etc), the field now needs to concentrate on designing and delivering the right studies in the 141 
right patient populations and with due statistical consideration so that evidence synthesis is robust, 142 
results are reproducible, and product marketing is not premature. Issues such as inter- and intra-143 
tumour heterogeneity should also be addressed, which may require the utilisation of biomarker 144 
panels comprised of 10s or100s of individual markers [19;24]. And the conundrum of “anticipatory” 145 
or “pre-emptive” diagnosis requires clarification - the scenario whereby a patient is urinary 146 
biomarker positive and cystoscopy negative, yet who develops recurrence within the following 12-24 147 
months. Should such patients be treated as false positive, be placed under closer surveillance, be the 148 
subject of personalised biomarkers based upon the tumour’s biomarker expression, or even be 149 
treated pre-emptively with intravesical therapies? If the biomarker is highly specific, then the latter 150 
three options could all be appropriate. The future is exciting and challenging.  151 
Reference List 152 
 153 
 (1)  Burger M, Catto JW, Dalbagni G, Grossman HB, Herr H, Karakiewicz P, Kassouf W, Kiemeney 154 
LA, La VC, Shariat S, Lotan Y. Epidemiology and risk factors of urothelial bladder cancer. Eur 155 
Urol 2013; 63:234-241. 156 
 (2)  Edwards TJ, Dickinson AJ, Natale S, Gosling J, McGrath JS. A prospective analysis of the 157 
diagnostic yield resulting from the attendance of 4020 patients at a protocol-driven 158 
haematuria clinic. BJU Int 2006; 97:301-305. 159 
 (3)  Bryan RT, Zeegers MP, van Roekel EH, Bird D, Grant MR, Dunn JA, Bathers S, Iqbal G, Khan 160 
HS, Collins SI, Howman A, Deshmukh NS, James ND, Cheng KK, Wallace DM. A comparison of 161 
patient and tumour characteristics in two UK bladder cancer cohorts separated by 20 years. 162 
BJU Int 2013; 112:169-175. 163 
 (4)  Witjes JA, Comperat E, Cowan NC, De SM, Gakis G, Lebret T, Ribal MJ, Van der Heijden AG, 164 
Sherif A. EAU guidelines on muscle-invasive and metastatic bladder cancer: summary of the 165 
2013 guidelines. Eur Urol 2014; 65:778-792. 166 
 (5)  Babjuk M, Bohle A, Burger M, Capoun O, Cohen D, Comperat EM, Hernandez V, Kaasinen E, 167 
Palou J, Roupret M, van Rhijn BW, Shariat SF, Soukup V, Sylvester RJ, Zigeuner R. EAU 168 
Guidelines on Non-Muscle-invasive Urothelial Carcinoma of the Bladder: Update 2016. Eur 169 
Urol 2016. 170 
 (6)  van Rhijn BW, Burger M, Lotan Y, Solsona E, Stief CG, Sylvester RJ, Witjes JA, Zlotta AR. 171 
Recurrence and progression of disease in non-muscle-invasive bladder cancer: from 172 
epidemiology to treatment strategy. Eur Urol 2009; 56:430-442. 173 
 (7)  Riley GF, Potosky AL, Lubitz JD, Kessler LG. Medicare payments from diagnosis to death for 174 
elderly cancer patients by stage at diagnosis. Med Care 1995; 33:828-841. 175 
 (8)  Schmitz-Drager BJ, Droller M, Lokeshwar VB, Lotan Y, Hudson MA, van Rhijn BW, Marberger 176 
MJ, Fradet Y, Hemstreet GP, Malmstrom PU, Ogawa O, Karakiewicz PI, Shariat SF. Molecular 177 
Markers for Bladder Cancer Screening, Early Diagnosis, and Surveillance: The WHO/ICUD 178 
Consensus. Urol Int 2015; 94:1-24. 179 
 (9)  Leal J, Luengo-Fernandez R, Sullivan R, Witjes JA. Economic Burden of Bladder Cancer Across 180 
the European Union. Eur Urol 2016; 69:438-447. 181 
 (10)  Svatek RS, Hollenbeck BK, Holmang S, Lee R, Kim SP, Stenzl A, Lotan Y. The Economics of 182 
Bladder Cancer: Costs and Considerations of Caring for This Disease. Eur Urol 2014. 183 
 (11)  Sangar VK, Ragavan N, Matanhelia SS, Watson MW, Blades RA. The economic consequences 184 
of prostate and bladder cancer in the UK. BJU Int 2005; 95:59-63. 185 
 (12)  Alexandrov LB, Nik-Zainal S, Wedge DC, Aparicio SA, Behjati S, Biankin AV, Bignell GR, Bolli N, 186 
Borg A, Borresen-Dale AL, Boyault S, Burkhardt B, Butler AP, Caldas C, Davies HR, Desmedt C, 187 
Eils R, Eyfjord JE, Foekens JA, Greaves M, Hosoda F, Hutter B, Ilicic T, Imbeaud S, Imielinski 188 
M, Jager N, Jones DT, Jones D, Knappskog S, Kool M, Lakhani SR, Lopez-Otin C, Martin S, 189 
Munshi NC, Nakamura H, Northcott PA, Pajic M, Papaemmanuil E, Paradiso A, Pearson JV, 190 
Puente XS, Raine K, Ramakrishna M, Richardson AL, Richter J, Rosenstiel P, Schlesner M, 191 
Schumacher TN, Span PN, Teague JW, Totoki Y, Tutt AN, Valdes-Mas R, van Buuren MM, van 192 
', V, Vincent-Salomon A, Waddell N, Yates LR, Zucman-Rossi J, Futreal PA, McDermott U, 193 
Lichter P, Meyerson M, Grimmond SM, Siebert R, Campo E, Shibata T, Pfister SM, Campbell 194 
PJ, Stratton MR. Signatures of mutational processes in human cancer. Nature 2013; 500:415-195 
421. 196 
 (13)  Knowles MA, Hurst CD. Molecular biology of bladder cancer: new insights into pathogenesis 197 
and clinical diversity. Nat Rev Cancer 2015; 15:25-41. 198 
 (14)  Bryan RT, Regan HL, Pirrie SJ, Devall AJ, Cheng KK, Zeegers MP, James ND, Knowles MA, 199 
Ward DG. Protein shedding in urothelial bladder cancer: prognostic implications of soluble 200 
urinary EGFR and EpCAM. Br J Cancer 2015. 201 
 (15)  Shimwell NJ, Bryan RT, Wei W, James ND, Cheng KK, Zeegers MP, Johnson PJ, Martin A, 202 
Ward DG. Combined proteome and transcriptome analyses for the discovery of urinary 203 
biomarkers for urothelial carcinoma. Br J Cancer 2013; 108:1854-1861. 204 
 (16)  Huang Z, Lin L, Gao Y, Chen Y, Yan X, Xing J, Hang W. Bladder cancer determination via two 205 
urinary metabolites: a biomarker pattern approach. Mol Cell Proteomics 2011; 10:M111. 206 
 (17)  Kandimalla R, van Tilborg AA, Zwarthoff EC. DNA methylation-based biomarkers in bladder 207 
cancer. Nat Rev Urol 2013. 208 
 (18)  Orenes-Pinero E, Corton M, Gonzalez-Peramato P, Algaba F, Casal I, Serrano A, Sanchez-209 
Carbayo M. Searching urinary tumor markers for bladder cancer using a two-dimensional 210 
differential gel electrophoresis (2D-DIGE) approach. J Proteome Res 2007; 6:4440-4448. 211 
 (19)  Frantzi M, van Kessel KE, Zwarthoff EC, Marquez M, Rava M, Malats N, Merseburger AS, 212 
Katafigiotis I, Stravodimos K, Mullen W, Zoidakis J, Makridakis M, Pejchinovski M, Critselis E, 213 
Lichtinghagen R, Brand K, Dakna M, Roubelakis MG, Theodorescu D, Vlahou A, Mischak H, 214 
Anagnou NP. Development and Validation of Urine-based Peptide Biomarker Panels for 215 
Detecting Bladder Cancer in a Multi-center Study. Clin Cancer Res 2016; 22:4077-4086. 216 
 (20)  D'Costa JJ, Goldsmith JC, Wilson JS, Bryan RT, Ward DG. A Systematic Review of the 217 
Diagnostic and Prognostic Value of Urinary Protein Biomarkers in Urothelial Bladder Cancer. 218 
Bladder Cancer 2016; 2:301-317. 219 
 (21)  Boustead GB, Fowler S, Swamy R, Kocklebergh R, Hounsome L. Stage, grade and pathological 220 
characteristics of bladder cancer in the UK: British Association of Urological Surgeons (BAUS) 221 
Urological Tumour Registry. BJU Int 2013. 222 
 (22)  Zheng C, Lv Y, Zhong Q, Wang R, Jiang Q. Narrow band imaging diagnosis of bladder cancer: 223 
systematic review and meta-analysis. BJU Int 2012. 224 
 (23)  Khalid T, White P, de Lacy CB, Persad R, Ewen R, Johnson E, Probert CS, Ratcliffe N. A pilot 225 
study combining a GC-sensor device with a statistical model for the identification of bladder 226 
cancer from urine headspace. PLoS One 2013; 8:e69602. 227 
 (24)  Togneri FS, Ward DG, Foster JM, Devall AJ, Wojtowicz P, Alyas S, Vasques FR, Oumie A, 228 
James ND, Cheng KK, Zeegers MP, Deshmukh N, O'Sullivan B, Taniere P, Spink KG, McMullan 229 
DJ, Griffiths M, Bryan RT. Genomic complexity of urothelial bladder cancer revealed in 230 
urinary cfDNA. Eur J Hum Genet 2016. 231 
 (25)  Steiner G, Schoenberg MP, Linn JF, Mao L, Sidransky D. Detection of bladder cancer 232 
recurrence by microsatellite analysis of urine. Nat Med 1997; 3:621-624. 233 
 (26)  van Kessel KE, Beukers W, Lurkin I, Ziel-van der Made A, van der Keur KA, Boormans JL, 234 
Dyrskjot L, Marquez M, Orntoft TF, Real FX, Segersten U, Malats N, Malmstrom PU, Van CW, 235 
Zwarthoff EC. Validation of a DNA methylation-mutation urine assay to select patients with 236 
hematuria for cystoscopy. J Urol 2016. 237 
 (27)  Ward DG, Baxter L, Gordon NS, Ott S, Savage RS, Beggs AD, James JD, Lickiss J, Green S, 238 
Wallis Y, Wei W, James ND, Zeegers MP, Cheng KK, Mathews GM, Patel P, Griffiths M, Bryan 239 
RT. Multiplex PCR and Next Generation Sequencing for the Non-Invasive Detection of 240 
Bladder Cancer. PLoS One 2016; 11:e0149756. 241 
 (28)  Dahmcke CM, Steven KE, Larsen LK, Poulsen AL, Abdul-Al A, Dahl C, Guldberg P. A 242 
Prospective Blinded Evaluation of Urine-DNA Testing for Detection of Urothelial Bladder 243 
Carcinoma in Patients with Gross Hematuria. Eur Urol 2016. 244 
 (29)  Szarvas T, Kovalszky I, Bedi K, Szendroi A, Majoros A, Riesz P, Fule T, Laszlo V, Kiss A, Romics 245 
I. Deletion analysis of tumor and urinary DNA to detect bladder cancer: urine supernatant 246 
versus urine sediment. Oncol Rep 2007; 18:405-409. 247 
 248 
 249 
  250 
Figure 1: A suggested urothelial cancer biomarker research pipeline 
 
